Feedlot information, submitted by Iowa cattle producers to the Iowa State University Feedlot Performance and Cost Monitoring Program, was examined to determine the effects of housing, initial weight and season interactions on beef steer performance. Feedlot information, consisting of 1225 pens of steers, contained information including starting and ending dates, cattle per pen, sex, housing type, days on feed, initial and sale weights, feed efficiency, proportion of concentrate in diets, average daily gain (ADG) and certain economic variables. Starting date on feed was assigned to seasons and, since the steers were fed an average for 160 days, an overlapping of seasons occurred. Thus, cattle started in feedlots in spring, autumn, summer and winter were finished in summer, spring, autumn and spring, respectively. Cattle started in spring, autumn, summer and winter were exposed to hot, cold and warm portions of the year, respectively, and were classified as hot, cold and warm season cattle. Cattle housed in open lots with overhead shelter had higher ADG than those housed in confinement and in open lots in the warm season. In general, cattle in confinement had lower daily dry matter intake (DDMI) than those housed in open lots and open lots with overhead shelter, regardless of season. Light cattle had higher ADG in the hot season, whereas, heavy cattle had higher ADG in the cold season. Heavy cattle housed in confinement had lower ADG than those housed in open lots with overhead shelter and in open lots. Heavy cattle were less efficient than light and intermediate weight cattle regardless of housing system. These results indicate that the time of year cattle are started on feed and selection of cattle with starting weights most adaptable to the housing system provided, may contribute to improved production efficiency. _______________________________________________________________________________________
Introduction
A main goal of cattle producers is to improve feed conversion and consequently profitability. Efficiency of growth is a function of metabolisable energy retained relative to that which is converted to heat (Robinson et al., 1986) . Cattle, as homoeothermic animals, live in a dynamic environment and interact with it. Thus, the environmental conditions surrounding cattle dictate their maintenance energy requirement. In beef cattle production, feed costs represent a major portion of the total cost (Koknaroglu & Hoffman, 2002) and a typical production system expends nearly 75% of total feed energy requirements for maintenance (Ames, 1987) . Therefore, within economic constraints, optimal environmental conditions should be provided to cattle to express their full genetic potential. Proper housing provides one means of modifying stressful environmental conditions (Pusillo et al., 1990) . Research comparing different housing systems showed that overhead shelter in open lots resulted in better growth performance and feed conversion (Muhamad et al., 1983; Koknaroglu et al., 2000; , and cattle housed in confinement have poorer performance than cattle in open lots or open lots with overhead shelter. Performance of cattle in different housing systems showed fluctuations between seasons. Leu et al. (1977) reported a housing by season interaction. In feedlots, season and initial weight should be taken into consideration because Hicks et al. (1990) reported that daily dry matter intake (DDMI) of heavier cattle is depressed more in a hot environment, while DDMI of lighter cattle is depressed more in a cold environment. In order to increase the performance of cattle, the interaction of season, initial weight and housing should be known. Previous research has reported mainly on two-way interactions. The data used in this study enabled us to evaluate the effects of a three-way interaction between season, initial weight and housing on the average daily gain (ADG), DDMI and feed efficiency (FE) of feedlot cattle. 
Results and Discussion
In both the cold and warm seasons the heavier steers at the start of the feedlot feeding period had a higher mean ADG than the other weight groups (P < 0.05; Table 2 ), and that of the intermediate and lighter groups did not differ (P > 0.05) from each other. Even though the light cattle had numerically a higher ADG than the heavier ones in the hot season, differences between groups were not significant. The ADG of light cattle fed during the hot season of the year was higher (P < 0.05) than those fed during the cold and warm seasons of the year. Temperatures during the different seasons of the year did not affect the ADG of the intermediate weight steers. Heavy cattle fed in the hot period of the year had lower ADG than the heavy ones fed during cold and warm periods of the year (P < 0.05). As can be expected, the heavier the steers at the onset of the feedlot feeding period, the higher their DDMI (P < 0.05; Table 3 ). Light cattle fed in the hot season of the year tended (P = 0.08) to have higher DDMI than light cattle fed during the warm season of the year. Intermediate weight cattle fed in the cold season had higher (P < 0.05) DDMI than those fed in the warm season. Heavy cattle fed in the cold season had higher (P < 0 05) DDMI than the same weight group fed in the warm and hot seasons, whereas the DDMI of those fed in the warm and hot seasons did not differ from each other.
In the cold season, the light cattle were more efficient than the heavier groups (P < 0.01; Table 4 ). When the steers were fed in the warm season, the light and intermediate weight groups were more efficient than the heavy group (P < 0.01). In the hot season FE decreased as initial cattle weight increased (P < 0.01). The light steers fed in the hot season had a better (P < 0.05) FE than those fed in the warm season, and tended (P = 0.065) to have a better FE than those fed in the cold season. Intermediate weight cattle fed in When considering the overlapping of seasons, it is evident from Table 3 that the heavy steers had lower DDMI at higher temperatures, and light steers had lower DDMI at lower temperatures, compared to the other groups. The intermediate weight group seemed to be less affected by season. This is in agreement with Hicks et al. (1990) who found that in Oklahoma, at elevated temperatures, heat depressed DDMI more in heavier than in lighter cattle and cold stress tended to depress DDMI more in lighter than in heavier cattle. The reason for heavier cattle to be more susceptible to elevated temperatures might be their smaller surface area relative to body weight and thus reduced ability to dissipate body heat. Young (1988) showed that the surface area in square metres of standing cattle does not increase linearly with an increase in body weight. , where A(m 2 ) is the surface area of cattle in square metres and BW is body weight. From this equation lighter weight cattle have a greater surface area relative to their body weight than heavier animals, thus giving them a higher heat dissipation potential at elevated temperatures than heavier cattle. Another reason for this could be that the higher producing animals, which consume more feed, create more metabolic heat, than slower growing animals. They would thus tend to be more susceptible to heat stress because animals must dissipate metabolic heat when there is a reduced thermal gradient between the body core and the environment (Mader, 2003) .
Light weight cattle starting in the feedlots in autumn and thus exposed to the colder period of the year gained significantly less (P < 0.05) than those starting in spring and were fed during the hotter period of the year. Although there is no indication this could be due to weaning stress and compensatory growth, springborn calves are likely to be weaned in the autumn and be placed in feedlots at this time. This would expose them to the cooler part of the year. Weaning stress and adjustment time required to adapt to a new diet could also be contributory factors to the poor performance of cattle starting in the feedlot in the autumn. Phillips et al. (1987) found that spring-born calves weaned in October at approximately eight months of age lost 15 kg or 7.9% of their weaning weight during the 24-hour period following separation from their dams. A reason South African Journal of Animal Science 2005, 35 (4) © South African Society for Animal Science 286 for cattle starting in spring to gain weight faster than those starting at other times of the year could be due to compensatory growth because these cattle were on a low energy diet in winter and then placed in the feedlots in spring on a high energy diet (Fox et al., 1972) . However, they are also exposed to more favourable environmental conditions and an increasing daylight length (Mossberg & Jonsson, 1996) . Heavier cattle tended to gain less and have poorer FE when they are started in the feedlots in autumn and spring, and fed during hot and cold parts of the year, respectively. The reason for this could be a reduced DDMI in cattle fed in the hot season, and increased maintenance requirements of cattle fed in the cold season. Feed conversion of cattle fed in the cold season was lower (P < 0.05) than those fed in the other seasons. Part of the reason for this could be higher thyroxine levels in the plasma causing an increase in rate of passage of food through the digestive tract, thus resulting in less exposure time for digesta to be digested (NRC, 1981; Young, 1981) .
In the cold season, the ADG of cattle fed in the various housing systems did not differ (Table 5 ). Cattle fed during the warm season and reared in open lots with overhead shelter had higher ADG than those in confinement and in open lots (P < 0.05). In this season cattle in the open lots also had higher ADG than cattle fed in confinement (P < 0.05). In the hot season, cattle in open lots with overhead shelter had numerically higher gains than those in confinement or open lots (P > 0.05). In the confinement group, season had no effect on ADG (P > 0.05). Cattle fed in open lots with overhead shelter and fed in the cold season had lower (P < 0.05) ADG than those fed in the warm and hot seasons. The trend seen in open lots with overhead shelter was also evident in open lots, while cattle fed in the cold season had a lower (P < 0.05) ADG than those fed in warm and hot seasons. Table 6 ). In the hot season, cattle in confinement had lower DDMI than those in open lots (P < 0.05) and had similar DDMI to cattle in open lots with overhead shelter (P > 0.05). Cattle housed in confinement and fed during the warm season had lower DDMI than those fed in the hot season (P < 0.05; Cattle fed during the cold season and housed in confinement were more efficient (P < 0.05; Table 7 ) than the other groups. In the warm and hot seasons, cattle housed in open lots with overhead shelter were more efficient than those reared in open lots (P < 0.05). Cattle housed in confinement and fed in cold, warm and hot seasons had similar FE (P > 0.05). Cattle housed in open lots with access to overhead shelter and in open lots, and fed during the cold season were less efficient than those fed during the warm and hot seasons (P < 0.01). As noted previously the overlapping of seasons should be considered when evaluating the effects of season on cattle feedlot performance. The ADG of cattle fed during the cold season in open lots and in open lots with overhead shelter was lower (P < 0.05) than that of those fed during the warm and hot seasons in these facilities (Table 5) . However, when in confinement, season did not affect ADG in the steers significantly. This is in agreement with Muhamad et al. (1983) who found that in Iowa, cattle fed in open lots and in open lots with overhead shelters gained weight faster when they started on feed in summer than in winter. However, cattle fed in confinement did not differ in terms of ADG regardless of when they started in the feedlots (Muhamad et al., 1983) . When comparing the DDMI of cattle from the end of April to the beginning of October in Iowa, Ness (1980) found that cattle in open lots with overhead shelter had a higher DDMI than those fed in open lots or in confinement. This could be partially due to the restriction of animal movement when confined (Curtis, 1972) . In the present study, when cattle were placed in the feedlots in the spring and fed during the hot season, the DDMI of cattle with overhead shelter was slightly higher than that of cattle kept in confinement. Furthermore, the DDMI of cattle that started in the autumn and fed in the cold season, was higher for open lot fed cattle than those in the other housing systems. A possible reason for cattle in open lots with overhead shelters having higher DDMI could be that the shelters prevent radiation and protects cattle from precipitation. On the other hand, the fact that confined cattle have a lower DDMI could be due to higher relative humidity and lower air movement in confinement, causing less heat dissipation from the animals' body surface. Hahn et al. (2001) demonstrated the benefits of using shade in areas with high temperatures and/or solar radiation. Effects of heat stress are not only dependent upon temperature and solar radiation, but also on humidity (Mader, 2003) . Adjustments for humidity by using the temperature-humidity index have been adapted for use in the livestock safety index (Livestock Conservation Institute, 1970; NOAA, 1976; Hubbard et al., 1999) . A combination of temperature with humidity in confinement affected DDMI of confinement fed cattle (Koknaroglu, unpublished data) .
Cattle in open lots had a higher DDMI when they were started in feedlots in autumn than in the other seasons, possibly due to the lower environmental temperature in open lots, which could lead to higher thyroxine levels and, therefore, increased feed intake (Christopherson et al., 1976) . The FE in confinement fed cattle did not differ across seasons, irrespective of whether they had access to overhead shelter or not. Feed efficiency tended to be better when average temperatures were higher. This is in agreement with NRC (1981) in which it was stated that digestibility for ruminants decreases by an average of 0.2% for each 1°C decrease in ambient temperature. In all the housing systems, the DDMI of the heavier steers at the onset of the study was higher (P < 0.01) than that of the steers with the lighter initial weights (Table 9) . Lighter cattle had similar DDMI regardless of housing. Intermediate and heavy steers housed in confinement had lower DDMI than those housed in open lots and open lots with overhead shelter (P < 0.01). Table 10 ). The FE of cattle in open lots decreased as initial weight increased (P < 0.01). Lighter weight cattle were more efficient when they were housed in open lots with overhead shelter (P < 0.01) than in the other housing systems. Intermediate weight cattle housed in confinement had better FE than cattle housed in open lots (P < 0.01) and had similar FE to cattle in open lots with overhead shelter (P > 0.05). Heavy cattle housed in open lots were less efficient than those housed in confinement and in open lots with overhead shelter (P < 0.01). In general, the light weight cattle were more efficient, irrespective of housing system. These results showed that, in general, providing overhead shelter increased ADG. This was most pronounced in the heavier cattle (Table 8 ). This agrees with observations by Ralston et al. (1970) and Koknaroglu et al. (2005) that body size affects weight gain, viz. the higher the initial weight, the higher the increases in subsequent weight gains. However, the present results showed that the ADG of cattle in confinement tended to be lower than that of the intermediate weight cattle, an observation not in agreement with those of Ralston et al. (1970) and Koknaroglu et al. (2005) . The reason seems to be a reduced FE South African Journal of Animal Science 2005, 35 (4) © South African Society for Animal Science 289 (Table 10 ) because heavier cattle housed in confinement had higher DDMI than the other weight groups. This suggests that, in confinement, heavier cattle are affected more adversely than lighter cattle, which is possibly a function of the environmental factors associated with confinement housing and the thermal gradient of cattle with its environment. In general, cattle in open lots with overhead shelter tended to have a higher ADG than those under other housing conditions. This was most evident in heavier cattle, suggesting that heavier cattle are affected more by heat stress than lighter cattle ( Table 2 ), and that shelter provides an additional mechanism to minimize heat stress in the summer. 
Conclusion
The feedlot performance of lighter weight cattle was worse affected by the cold season, and that of the the heavier cattle by the hot season, compared to the other groups, respectively. Providing an overhead shelter proved to be especially effective in warm and hot seasons. Housing heavier cattle in confinement depressed daily gain, but the provision of overhead shelter in open lots improved ADG more than in the other weight groups. According to these results, cattle producers striving to improve production efficiency should consider the season in which cattle are placed to feedlots as well as the initial weight of the cattle relative to the type of housing system employed.
